In this study, removal of poisonous Pb (II) from artificially contaminated water has been investigated with the aim of detoxifying industrial effluents before their safe disposal onto land or into river waters. Five low-cost natural adsorbents, chalf, rice husk, sesame, sun flower and tea waste, were used to remove Pb from synthesized waste water. Kinetic study revealed that pseudo-first order model is suitable to explain our experimental data and intraparticle transport is not the only rate-limiting step. The adsorption equilibrium data correlate well with Freundlich model with regression, R 2 , range from 0.947-0.993. The results showed that efficiencies of chalf, rice husk, sesame husk, sun flower husk and tea waste for Pb ion removal were 85%, 90%, 100%, 86%, 98% repectively. High adsorption capacity of the tested adsorbents makes it preferable and very attractive alternative adsorption material. This field may therefore be utilized by developing countries to alleviate or at least, reduce the impacts of industrial water pollution on the aquatic environment.
Introduction
Water used in industry creates a wastewater that has a potential hazard for our environment because of introducing various contaminants such as heavy metals into soil and water resources. Heavy metal ions are nowadays among the most important pollutants in surface and ground water (Brinzo, et al., 2009) . The safe and effective disposal of industrial wastewater is thus a challenging task for industrialists and environmentalists. The important toxic metals are Cd, Zn, Pb and Ni. Nowadays, with the exponential increase in population, measures for controlling heavy metal emissions into the environment are essential (Mousavi, et al., 2010 , Maximous N., et al., 2010 . Lead causes many serious disorders like, anemia, kidney disease, nervous disorders, and even death, it heads the toxic element list of 2008 (Karthika, et al., 2010) .
At present lead pollution is considered a worldwide problem because this metal is commonly detected in several industrial wastewaters (Davydova, 2005) .Undoubtedly, industrial waste based adsorbents offer a great promise for commercial purposes. Solid wastes are a vexing societal problem mandating attention to recycling. Recycled product quality is not always high or recycle may not be feasible. However, conversion of solid wastes into effective low-cost adsorbents for wastewater treatments could decrease costs for removing lead.
New approaches based on the use of natural inexpensive adsorbents for treatment have been reported (Badmus, et al., 2007) . In general, an adsorbent can be termed as a low cost adsorbent if it requires little processing, is abundant in nature, or is a by-product or waste material from another industry (Nasim, et al., 2004) .
In kurdistan, huge amounts of chalf, rice husk, sesame husk, sun flower husk and tea waste were generated daily, which create environmental and disposal problems. Therefore, application of these wastes as adsorbent offers highly effective technological means in dealing with pollution of heavy metals and solving there disposal problems, with minimum investment required (Najua, et al., 2008; Malakootian, et al., 2009 ).
Therefore there is an urgent need that all possible sources of agro-based inexpensive adsorbents, in Kurdistan, should be explored and their feasibility for the removal of heavy metals should be studied in detail. The objective of this study is to contribute in the search for less expensive adsorbents and their utilization possibilities for various agricultural waste by-products which are in many cases also pollution sources. natural adsorbents such as chalf, rice husk, sesame husk, sun flower husk and tea waste in water purification. The use of these locally available agricultural for removal of lead from aqueous solutions at different experimental conditions is an alternative waste management or environmental conservation.
Materials and methods

Materials
All the chemicals used were of analytical grade reagent. A stock solution of lead nitrate (1000 mg/L) was used as adsorbate and solutions of various concentrations (15, 25, 50, 75 & 100 mg/L) were obtained by diluting the stock solution with distilled water. The detailed procedure for the preparation of rice husk, sesame husk and sun flower husk are reported in literature (Huda & Kafia, 2010; Huda, 2011) . Chalf and tea waste were washed at the first step and then rinsed with distilled water. After drying at 100 ℃, it was ground and screened (using screen with mesh size 40) and kept in plastic containers before the time of use (Amir, et al., 2005) .
Adsorption experiments: Kinetics and isotherms
Pilot experiments were done to determining the right adsorbent mass (0.08 g) particle size (40 mesh), and contact (120 min), that will bring about a better decontamination of Pb-contaminated aqueous solutions.
In the kinetic experiments for Pb(II) adsorption, 0.08 g of dry adsorbent was mixed with 10 ml of Pb(II) solution. Batch experiments were carried out by mixing metal solution with concentration of 15, 25, 50, and 75 mg/L with each adsorbent in a shaker water bath with 125 rpm at 25
for 10, 20, 30, 60, 90, 120, 180, 240 , and 300 min. ℃ The adsorbent and adsorbate suspensions were separated by centrifugation at 3000 rpm for 10 min (Hemn & Kafia, 2009; Kafia & Georg, 2008; Hewa & Kafia, 2010) .
The isotherm experiments were carried out using 0.08 g of dry adsorbent at initial Pb(II) concentration of 15, 25, 50, 75, and 100 mg/L, allowing sufficient time, 300 min, for adsorption equilibrium, So further experiments were conducted at 300 min of contact. Thermodynamic study of adsorption experiments were performed following the same procedure at 15, 25 and 35 ℃.
The supernatants were filtered through Whatman #42 filter paper. The remaining lead concentration was analyzed using PYE Unicom spq. Atomic Absorption Spectrophotometer (372469, England). All the experiments and analysis have been carried out in duplicate and the maximum analytical error was found to be less than 5%. The adsorbed phase concentration (q t , mg/g) was calculated using the following equation (Nassar, 1997) :
Where C o & C t are the initial and the final lead concentration (mg/L) respectively; V is the water sample volume (L); and m is the mass of adsorbent used (g).
Results and Discussion
Adsorption kinetics
3.1.1 Effect of contact time Fig. 1 shows the effect of contact time on Pb ion uptake by the selected adsorbents. This was achieved by varying the contact time from 10 to 300 min. in separate experiment runs. Equilibrium contact time was found to be 120 min. The removal rate of Pb gradually decreased with increase in contact time. Initially, the rate of Pb uptake was higher because all sites on the adsorbent were vacant and Pb concentration was high, but decrease of sorption sites reduced the uptake rate. Similar results were found in the study of Mousavi et al. (2010) .
The effect of initial Pb ion concentration
The effect of initial Pb ion concentrations on the adsorption efficiency of the studied agricultural wastes is shown in Fig. 1 . Adsorption experiments were carried out at different initial Pb concentrations ranging from 15 to 100 mg/L. It was observed as a general trend that there is a decrease of the removal percentage with increase in initial concentration from 15 to 100 mg/L. These results may be explained on the basis that the increase in the number of ions competing for the available binding sites and also because of the lack of active sites on the adsorbent at higher concentrations. Therefore, more metal ions were left un-adsorbed in solution at higher concentration levels (Krishnan & Anirudhan, 2003) .
Kinetic Models
Kinetics of adsorption is an important characteristic in defining the efficiency of adsorption. The pseudo-first order (Lagergren's rate) model is the one most widely used for the adsorption of a solute from a liquid solution (Lagergren, 1898) . The linear form of the pseudo-first order equation is given by: log (q e -q t ) = log q e -
Where k is the pseudo-first order rate constant. The slope and intercepts of the plot of log (q e -q t ) vs. t (Fig. 2) for adsorption of Pb on sesame were used to determine the value of k and q e respectively. Values of correlation coefficient (R 2 ) together with the small difference between the experimental and the calculated values of q e (Table 1) indicated that pseudo-first order model is suitable to explain our experimental data. Values of k for removal of Pb ions by sesame were: 0.0313, 0.0253, 0.0345, & 0.0267. Our results were in agreement with those reported in literature (Karthika, et al., 2010) .
Adsorption mechanism
When the water sample is shaken, the adsorbate species, i.e. lead, are transported to the solid phase by the intraparticle transport phenomenon. The intraparticle transport is supposed to be the rate controlling step. The rate of particle transport through this mechanism is slower than adsorption on the exterior surface site of the adsorbent. The amount of adsorbed species, lead, varies proportionately with a function of retention time. The equation can be expressed as (Badmus, et al., 2007) :
Where k d is the constant coefficient, the initial rate of intraparticular diffusion (mg/L. min
). Probably, the transport of the water sample through the particle-sample interface into the pores of the particles, as well as the adsorption on the available surface of the adsorbents, is responsible for adsorption. Fig. 3 illustrates the diffusion of Pb ions within the sesame as a function of time and shows that intraparticle diffusion occurred in three stages. The ions diffused quickly among the particles at the beginning of the adsorption process, and then intraparticle diffusion slowed down and stabilized. The slight deviation of these lines from origin indicates that intraparticle transport is not the only rate-limiting step (Badmus, et al., 2007) . Based on these results it appears that the Pb removal by chalf, rice husk, sesame, sun flower and tea waste may be controlled by chemisorption process, or by a combination of both physical and chemical process.
Adsorption isotherms
The most common representation of the adsorbate concentration and quantity of material adsorbed is the adsorption isotherm; graph of the amount adsorbed against the equilibrium concentration, at a specific temperature. The nature of the interaction between the adsorbate and adsorbent, i.e. favorable or unfavorable, can be determined from the isotherm shape (Khraisheh, et al., 2004) .
Langmuir Isotherm
The model is applicable in the cases where only one molecular layer of adsorbate is formed at the adsorbent surface. which remains constant even at higher adsorbate concentrations. The Langmuir equation can be presented by the well-known equation (Allen, et al., 1995) :
Where q max is the monolayer adsorption capacity of the adsorbent (mg/g) it is the maximum amount adsorbed, k L is the Langmuir adsorption constant (L/mg), C o is the equilibrium metal ion concentration in the solution (mg/L) and q e is the equilibrium metal ion concentration on the adsorbent (mg/g). Values of q max and K L are calculated respectively from the slope and the intercept of plot of C e /q e vs. C e, as shown in figure 4 . Value of Langmuir parameters and R 2 were summarized in table 1. Values of K L for removal of Pb ions by chalf, rice husk, sesame husk, sun flower husk and tea waste were 0.123, 0.208, 0.091 and 0.221 respsctively.
The Langmuir isotherm assumes monolayer adsorption onto a surface containing a finite number of adsorption sites of uniform strategies of adsorption with no transmigration of adsorbate in the plane of surface. Monolayer adsorption is distinguished by the fact that the amount adsorbed reaches a maximum value at a moderate concentration; this corresponds to complete coverage of the adsorbent surface by a monomolecular layer of adsorbate (Khraisheh, et al., 2004) .
Freundlich Isotherm
This model proposes heterogeneous energetic distribution of active sites, accompanied by interaction between adsorbed molecules. The Freundlich linear form is given by the following equation.
Log q e = log K F + n 1 log C e
Where K F is a constant related to the adsorption capacity (Freundlich constant) and 1/n is an empirical parameter related to the adsorption intensity (which varies with the heterogeneity of the material). Values of 1/n and K F are calculated respectively from the slope and the intercept of plot of C e /q e vs. C e, is shown in figure 5 . Freundlich parameters together with R 2 were summarized in table 4. Values of K F for removal of Pb ions by chalf, rice husk, sesame husk, sun flower husk and tea waste were 1.119, 1.195, 1.790, 1.138 and 2.248 respectively.
It will be noted that the value of 1/n was between 0 and 1indicating that the sorption of Pb ions into the studied adsorbents was favorable under the mentioned conditions. This Freundlich type behavior is indicative of the surface heterogeneity of the adsorbents, i.e. the adsorptive sites (surface of the studied adsorbents) are made up of small heterogeneous adsorption patches that are homogeneous in themselves. The activation of adsorption site takes place, leading to increased adsorption probably through the surface exchange mechanism.
Temkin Isotherm
Temkin model assumes effect of some indirect interactions amongst adsorbate particles and suggests linear decrease in the heat of adsorption of all the molecules in the layer, due to these interactions. Temkin linear isotherm form is expressed as follows (Mittal, 2009) : q e = a t + 2.303 b t log C e (6)
Where a t and b t are Temkin constant. Values of a t , b t are calculated respectively from the intercept and the slope of the plot of q e vs. log C e (Fig. 6 ). Values of a t were in the range of 0.218-2.342, while values of b t in the range of 0.975-1.302.
The experimental data for the uptake of Pb ions by chalf, rice husk, sesame husk, sun flower husk and tea waste were explained using three of the most widely used adsorption isotherms: Langmuir, Freundlich and Temkin isotherms. The data were found to best fit the Freundlich isotherm model.
Adsorption thermodynamics
The thermodynamics for Pb ion removal by sesame was investigated in temperature range of 298-308 K, and the influence of temperature on the adsorption capacity is shown in Fig. 7 . It can be found that there is an increase in the adsorption capacity of sesame with the temperature increase. Thermodynamic parameters such as change in Gibbs free energy (∆G), enthalpy (∆H) and entropy (∆S) were determined using the following equation: (Fig.8) . The overall adsorption process seems to be endothermic (∆H= 10.737 KJ/mol). This result also supports the suggestion that the adsorption capacity of sesame increases with increasing temperature. Table 3 also shows that the ∆S value is positive (entropy increases as a result of adsorption). A positive ∆S value reflects the affinity of the adsorbent to the Pb ions, as a result of redistribution of energy between the adsorbate and adsorbent. Before adsorption occurs, the Pb ions near the surface of the adsorbent will be more ordered than in the subsequent adsorbed state and the ratio of free Pb ions to ions interacting with the adsorbent will; be higher in the adsorbed state (Mehmet, et al., 2007) .
as potential low-cost cellulose-containing natural adsorbents. The materials are readily available and relatively cheaper than synthetic resins. Table 4 details the summary of work done by various researchers, and the result of present work, using variety of agricultural waste materials for the removal of Pb ions. These biomasses include hemicellulose, lignin, extractives, lipids, proteins, simple sugars, water hydrocarbons, starch containing variety of functional groups that facilitates metal complexation which helps for the sequestering of heavy metals (Sud, et al., 2008) . Data in table 4 revealed that the studied agricultural natural adsorbents showed high efficiency and selectivity for complexation with metal ions due to the following reasons:
(1) Large numbers of hydroxyl and amino groups.
(2) Primary amino groups provide high reactivity.
(3) The polymer chains provide suitable configurations.
The results showed that efficiencies of chalf, rice husk, sesame husk, sun flower husk and tea waste for Pb ion removal were 85%, 90%, 100%, 86%, 98%. High adsorption capacity of the tested adsorbents makes it preferable and very attractive alternative adsorption material.
Conclusion
This paper highlighted the use of highly efficient low cost and abundant materials for removal of toxic Pb ions from contaminated aqueous solution. The rapid uptake and high capacity of chalf, rice husk, sesame, sun flower and tea waste indicated that it could be a better alternative for the removal of Pb (II) from real wastewater by sorption process. Kinetic experimental data revealed that intraparticular diffusion is not only the rate limiting step of the adsorption process. Kinetic, equilibrium and thermodynamic results revealed that Pb ion removal by the studied adsorbents proceeded through chemisorption and physisorption mechanisms. The results of equilibrium experiments indicated that removal efficiencies of the tested adsorbents were in the following order; sesame > tea waste > rice husk > chalf > sun flower. Based on the experimental conditions, it is found that the removal of Pb ion from their aqueous solution could attain 100%. This shows a new trend for using agricultural wastes as a mean for wastes disposal for the benefit of environmental pollution control. 
